Abstract:
INTRODUCTION
The strength of concrete columns is higher than the beams' in the multi-high building structure. The column strength is cast continuous through the core area of joints in order to ensure continuity of the columns. In construction, the separate measures to the non-equal-strength junctions in the beam need to be taken [1] , the columns and the core area of joints with higher strength are pouring first, then turns to the beam and slab concrete (called traditional joints) with lower strength. The construction becomes more difficult, and the fluidity of concrete is high which cannot guarantee the strength of joint core area for the vibration deficiency. The joint core area, beam and slab are simultaneously poured in construction in recent years. This construction method is series of experimental and more and more widely concerned for its advantages, such as simple, quick and easy to ensure construction quality. Theoretical researches on the sandwich joints have been studied since the 1960s. The researches out of China have carried out mainly in the way of monotonic static load experiments which chiefly focus on the calculation of the effective compressive strength f ce of the joint concrete in the joint core area [2 -7] . Researches in China mainly performed low frequency cyclic static load tests which focus on the seismic response analysis and the sandwich joints feasibility validation, and variations of shear semi-empirical formula are given based on the experimental results but lack of reasonable theory models' support [8 -11] .
Based on strut-and-tie model, a softened strut-and-tie model which considers concrete softening is developed by Hwang et al [12] . The applicability of this model to shear calculation is confirmed for many researches in discontinuity regions where plane hypothesis is not suitable [13, 14] . This paper investigates the accordance of the calculated formulas for the simplified softened strut-and-tie model and that for the shear strength of frame joints in China code with sandwich experimental data, then improves the simplified softened strut-and-tie model.
INTRODUCTION TO THE SIMPLIFIED SOFTENED STRUT-AND-TIE MODEL
According to the paper [12] , the simplified softened strut-and-tie model satisfies the static equilibrium, the softened biaxial constitutive laws of concrete and the deformable coordination condition. It comprises diagonal mechanism constituted by diagonal strut, horizontal mechanism composed of flat strut and horizontal tie and vertical mechanism composed by steep strut and vertical tie. Strut-and-tie model is a statically indeterminate structure, the joints still hold a capacity to bear load after the tie yielding, and isn't considered failure until the concrete in the core area reaches the compressive strength. The stress of the concrete is the sum of compressive stress for diagonal strut, flat strut and steep strut. The shear strength of the core area of joints is obtained when the acting stress exceeds the concrete strength.
The paper [12] gives a simplified calculating method for softened strut-and-tie model, as shown in Fig. (1) the formula for shear strength follows: Fig. (1) . Simplified softened strut-and-tie model [13] .
(1)
Where Ø=the strength reduction ratio in value of 0.85; K= the Strut-and-Tie index; = the compressive strength of a standard concrete cylinder in units of Mpa; = the softening coefficient of the concrete which is approximated as; The strut-and-tie index K can be obtained as:
(8)
Where γ h = the fraction of diagonal compression transferred by the horizontal tie in the absence of the vertical tie; γ v =the fraction of diagonal compression carried by the vertical tie in the absence of the horizontal tie; f yh and f yv = the yielding strengths of the horizontal and vertical rebar ties, respectively; and = the equilibrium forces of the horizontal and vertical ties respectively; and = the equilibrium constants of the horizontal and vertical ties respectively.
APPLICABILITY OF THE SIMPLIFIED SOFTENED STRUT-AND-TIE MODEL
The experiment determined the shear strengths from the sandwich interior joints tests collected in China are compared to the shear strengths predicted by the simplified softened strut-and-tie model to examine the applicability of the simplified softened strut-and-tie model. As indicated in Table 1 , the ratio of test result to the average prediction for the simplified soften Strut-and-tie is 1.413 which is more conservative. Furthermore, the dispersion of the calculation results is large which indicates that the application of the simplified softened strut-and-tie model to sandwich interior joints is not suitable. Then the model needs to be modified based on shear-bearing capacity of sandwich joints. 
THE MODIFIED SIMPLIFIED SOFTENED STRUT-AND-TIE MODEL

The Compressive Strength of the Joints Concrete
Previous researches show that the compressive strength and ductility of the core area of sandwich joints are increased due to the confinement provided by the beam and slab, and the compressive strength can adopt the effective compressive strength f ce . The results are not so much different for each f ce presented in Table 2 . The compressive strength of the sandwich joints concrete can be modified to the effective compressive strength which is calculated with Equation 10 given by Gamble and Klinar [4] . 
The Effective Depth of the Strut
The load transferred from the compression area of the frame beam to the joint has stress diffusing in practical engineering, and the divergence angle β is 26.5 (Fig. 2) . 
The average strength predicted by the simplified softened strut-and-tie model is lower than experiment values since the area of the strut on the sandwich joint is greater due to the compressive dispersion deeper than that of the traditional joint in core area. To validate the above-mentioned assumptions, the finite element models for G-1 as shown in Paper [11] and the corresponding traditional joint J-1 is established. The concrete core area of the traditional joint is made with the same strength concrete with the column which is different from the G-1. For the shear strengths predicted by Fig. (3) . Stress nephogram of the joints.
Linear fitting algorithm is applied to 7 Specimens in paper [11] . It has a relatively high computation precision when the length of the diffusion length is in the core area. The effective height of the diagonal strut can be modified to 1 with 113kN load and G-1with 104.2kN load on beam (the load ratio of 1.1) in Fig. (3) . We can see that the compressive diffusion depth for core area of J-1 is smaller than that of G-1, so the core area of the sandwich is larger than traditional joint's. (6). The strut-and-tie index K is gotten by Equation (2) to (9). (7). The shear strength V for Sandwich joints can be calculated by equation (1).
APPLICABILITY OF THE MODIFIED SIMPLIFIED SOFTENED STRUT-AND-TIE MODEL
According to the data of accomplished experiment in China, the comparison of shear strength between prediction of results based on the simplified modified softened strut-and-tie model and test values are shown in Table 2 . As indicated in Fig. (4) and Table 2 , the results based on the modified simplified softened strut-and-tie model are in better agreement with experimental results than those of the simplified softened strut-and-tie model, and the difference of calculated value for each f ce is similar. The results obtained by the semi-empirical formula of China current standard are smaller than test results while the prediction values gotten by the current standard formula are more closer to the test results when the compressive strength of the concrete is taken by the effective compressive strength, but not as good as prediction values by the modified simplified softened strut-and-tie model. 
CONCLUSION
The predictions of shear strength for Sandwich joints according to China current concrete structure design 1.
criterion standards are smaller and uneconomic, but the prediction values obtained by the current standard formula are more similar with the test results when the effective compressive strength is taken in the joints' core area.
The prediction results of the sandwich joints' shear strength calculated by the modified simplified softened strut-2.
and-tie model agree better with the experiment results than the prediction results obtained by the simplified softened strut-and-tie model, and are even smaller than the predictions by the China standard formula when the effective compressive strength is taken for the same joints' core area. The simplified softened strut-and-tie model The modified simplified softened strut-and-tie model
